INTRODUCTION
============

The prevalence of diabetes mellitus (DM) is progressively increasing in many regions of the world. Indeed, a demographic projection for 2030 is double the current number of patients with DM.^[@R24]^

Individuals with DM have a greater frequency and severity of infections.^[@R4],[@R12]^ The reasons for this include incompletely defined abnormalities in cell-mediated immunity and phagocyte function associated with hyperglycemia, as well as diminished vascularization.^[@R4],[@R12]^ Episodes of bacteremia occur more frequently in patients with DM, in part perhaps due to an increased rate of colonization of *Staphylococcus aureus* in the skin folds and nares of these individuals.^[@R5]^ Patients with DM and bacteremia are more prone to develop sepsis and infective endocarditis (IE).^[@R14]^ It has been well documented that patients with type 2 DM have a significantly higher prevalence of IE.^[@R20],[@R23]^

In addition to cardiovascular disease, infection is one of the leading causes of death in hospitalized patients with DM. In fact, DM has been identified as a risk factor of poor prognosis in different bacterial infections including IE.^[@R6]^ Data concerning the impact of DM on clinical characteristics, microbiologic profile, and prognostic differences in patients with IE are scarce and sometimes contradictory.^[@R3],[@R13]^ Other authors have found that only insulin-dependent DM is a predictor of poor inhospital outcome.^[@R7]^ Due to the conflicting results and the small number of patients with diabetes included in previous studies, we decided to assess the impact of DM on the clinical presentation and inhospital prognosis of a large series of patients with left-sided IE.

We conducted the present study to describe the differences in the epidemiology, clinical course, microbiology, and inhospital outcome between patients with DM and patients without DM who have left-sided IE, and to analyze the impact of DM therapy.

PATIENTS AND METHODS
====================

Patient Population
------------------

We prospectively collected 724 episodes of IE diagnosed consecutively at 3 tertiary centers between 1996 and 2010 according to the Duke criteria (until 2002) or the modified Duke criteria (since 2003).^[@R17]^ Only definite cases of IE were included. Of these 724 episodes, 594 had left-sided IE and were evaluated to be included in the study. Episodes with right-sided IE were excluded because their epidemiology, clinical presentation, and prognosis are totally different. The diagnosis of DM was made by the physician in charge according to the guidelines criteria.^[@R22]^ Transient hyperglycemia during hospitalization was not considered. The 594 episodes of left-sided IE were analyzed and divided into 2 groups: episodes in patients with no DM (n = 480), and episodes in DM patients (n = 114). To ensure consecutive enrollment, all patients who underwent echocardiography to rule out IE were clinically followed until a diagnosis was established. Patients with a final diagnosis of IE were included in a multiproposal database. All patients underwent a detailed clinical history, standard physical examination, electrocardiography, blood analysis, urinalysis, a set of 3 blood cultures at admission and 3 additional blood cultures 48--72 hours later, and transthoracic and transesophageal echocardiography. Blood culture results were reported within 72 hours. Empiric antibiotic treatment was started when needed, and specific antibiotic treatment was initiated after the results of blood cultures were available. If blood cultures were negative after 72 hours, specific serologic tests were done for *Chlamydia, Brucella,* Q fever, *Legionella,* and *Mycoplasma.* For every patient, a standardized case report form with 18 epidemiologic, 8 clinical, 10 analytic, 4 radiographic, 6 electrocardiographic, 14 microbiologic, and 16 echocardiographic variables was completed and included in the database. This registry was approved by the local ethical committees.

Definition of Terms
-------------------

Early prosthetic valve IE was defined as occurring within the first year after surgery, and late prosthetic valve IE, beyond 1 year.^[@R19]^ Acute-onset IE was considered to exist when the time between the appearance of symptoms and hospital admission was less than 15 days.^[@R21]^ Renal insufficiency was defined as the presence of a serum creatinine concentration higher than 2 mg/dL. Heart failure was diagnosed on the basis of established criteria.^[@R11]^ Previous valvulopathy was defined as a structural abnormality of the heart valves. From an echocardiographic perspective, vegetation was defined as a thrombus-like mass with shaggy echoes and erratic motion independent of that of the valve. The vegetation was measured in various planes. The maximal diameter and area were used for subsequent analysis. In case of multiple vegetations, the largest was measured. Perivalvular complications were defined as follows: abscess, well-delineated perivalvular area of reduced echodensity with no flow; pseudoaneurysm, echolucent perivalvular pouch with flow in its interior; and fistula, a narrow communication between 2 adjacent cavities.^[@R1],[@R9]^ Adequate antibiotic treatment was defined when high-dose intravenous antibiotic combinations known to be bactericidal in vitro against the isolated microorganisms were used. Empiric antibiotic regimens were chosen for culture-negative cases according to established guidelines.^[@R2],[@R10]^ Urgent surgery, defined as surgery done before antibiotic regimen was completed, was performed when any of the following occurred: heart failure unresponsive to medication, pulmonary edema, persistent signs of infection, and repeat embolism despite appropriate antibiotic treatment, with persistence of vegetations on echocardiography. The initial presence of perivalvular complications in patients with a favorable clinical course was not considered an indication for urgent surgery, although enlargement of pseudoaneurysms and abscesses or progression to a fistula were considered indications.

Nosocomial and community-acquired IE were defined as in the literature.^[@R10]^ Persistent signs of infection were defined as persistent bacteremia or fever after 7 days of appropriate antibiotic treatment, once other possible foci of infection had been ruled out.^[@R10]^

Sepsis was defined as the presence of infection and systemic inflammatory response. Severe sepsis was considered when sepsis was associated with organ dysfunction, hypoperfusion, or hypotension that can be reversible by administering fluids. Septic shock was defined as the presence of an acute circulatory failure in sepsis, characterized by persistent arterial hypotension (systolic pressure \<90 mm Hg) that could not be reversed by administration of intravenous fluids.^[@R16]^

Definition of Events
--------------------

Death and septic shock during hospitalization were regarded as events. Any inhospital death was considered an event regardless of its cause.

Statistical Analysis
--------------------

The database was established with a protocol and procedures manual that was periodically revised in consensus meetings with all the investigators. Continuous variables were reported as mean value (standard deviation) or median (25th--75th percentiles). For dichotomous variables, the groups were compared by a 2-tailed Student t-test or Mann-Whitney U test as appropriate. In the presence of multiple categories, ANOVA or the Kruskal-Wallis test was used when appropriate. Categorical variables, expressed as a frequency and a percentage, were compared with the chi-square test and the Fisher exact test as necessary. Prognostic influence of DM therapy on inhospital mortality and septic shock was first tested in a univariable analysis (Pearson chi-square test or ANOVA, with post-hoc Bonferroni test).

Multivariable analysis, considering events as the dependent variable, was performed with a logistic regression model by means of a backward stepwise method. In consecutive steps, variables that were statistically significant in the univariable analysis, and others considered clinically relevant, were included in the logistic regression. The adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for each variable were calculated. When a change in OR \>10% was found, the variable was considered clinically relevant. A stratified analysis of mortality by diabetes status was performed.

All tests were 2-sided, and differences were considered statistically significant at p values \< 0.05. Statistical analysis was performed with PASW Statistics v 17.0 (SPSS Inc., Chicago, IL).

RESULTS
=======

Univariable Analysis of Clinical, Echocardiographic, and Prognostic Characteristics in Patients With DM
-------------------------------------------------------------------------------------------------------

Mean age of our patient population (n = 594) was 62 ± 15 years. About two-thirds of the cases (60.8%) had community-acquired infection, and 230 (38.7%) were referred from another hospital. Table [1](#T1){ref-type="table"} shows demographic features, previous cardiac conditions, comorbidities, and clinical presentation comparisons between episodes that occurred in patients with and without DM. Patients with DM were older than those without DM, and were less frequently male. Regarding comorbidity, chronic renal failure and chronic obstructive pulmonary disease (COPD) were more common in patients with DM, while intravenous drug addiction was more frequent among patients without DM. Degenerative valvulopathy and valvular prosthesis as predisposing cardiac conditions were more frequent in patients with DM, whereas mitral valve prolapse was more common in patients without DM. Among electrocardiographic features at admission, it is noteworthy that the presence of a left-bundle branch block was more frequent in patients with DM.

###### 

Epidemiologic Characteristics, Comorbidities and Clinical Presentation at Admission\*
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The microbiologic profile is shown in Table [2](#T2){ref-type="table"}. *Enterococcus* and *S. bovis* were more frequent in patients with DM, whereas the viridans group streptococci were more commonly isolated in those without DM.

###### 

Microbiologic Profile\*
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Regarding echocardiographic findings, no differences were found in the location of the infection, the type of valve affected (native vs. prosthetic), or the presence of periannular complications. Vegetation detection rate and vegetation size were similar in both patients with and without DM. Moderate or severe valve insufficiency was more frequent among patients without DM.

Clinical events during inhospital evolution are summarized in Table [3](#T3){ref-type="table"}. Heart failure and the need for cardiac surgery were equally frequent in both groups, patients with and without DM.

###### 

Clinical Events During Inhospital Evolution\*
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In those episodes that occurred in patients with DM, the main indications for surgery were heart failure (n = 31; 48.4%) and persistent signs of infection (n = 22; 34.4%). These percentages are similar to those seen in patients without diabetes. Remarkably enough, persistent signs of infection (46.9% vs. 36.4%; p = 0.039) and septic shock (27.4% vs. 16.0%; p = 0.005) occurred more often in patients with DM. The median time at which new-onset septic shock occurred was 1.5 weeks; 32.1% of all episodes of septic shock occurred in the postoperative period. No differences were found in the timing of presentation of this severe complication between the groups.

Mortality was higher in patients with diabetes (43.5% vs. 30.0%; p = 0.008). The main cause of death among patients with and without DM was septic shock, followed by multiorgan failure and heart failure, with no significant differences between the 2 groups.

Age did not influence the relationship between microbiologic findings and the presence or absence of DM. The interaction between age and the microorganisms found to be more frequent among patients with DM was not significant (p = 0.964 for *Enterococcus* and p = 0.208 for *S. bovis*). There was also no significant interaction effect of age on the development of septic shock (p = 0.223) or mortality (p = 0.472).

Univariable Analysis of Inhospital Outcome Related to DM Therapy
----------------------------------------------------------------

We analyzed IE episodes in relation to DM therapy and divided the study cases into 4 groups: patients without DM (n = 480), patients under only dietetic treatment (n = 24), patients treated with oral medications for DM (n = 61), and patients receiving insulin (n = 29). (See data comparing these 4 groups in the Appendix provided as Supplemental Digital Content. <http://links.lww.com/MD/A26>) Of note, renal insufficiency was most frequent in patients receiving insulin therapy (35.7%; p \< 0.001), and coagulase-negative staphylococci were most prevalent in patients treated with oral medications for diabetes (24.6%; p = 0.048). Regarding clinical events during inhospital evolution, septic shock was most common in patients treated with oral medications for DM (26.7%; p = 0.003), and death was highest in this group (50.8%; p = 0.012).

Multivariable Analysis of New-Onset Septic Shock
------------------------------------------------

To define the variables independently associated with the development of septic shock during hospitalization, we included the variables that were significant in the univariable analysis and those that were considered clinically relevant in a multivariable logistic regression analysis. Variables that were considered for the model were DM, previous valvulopathy, *S. aureus*, viridans group streptococci, acute clinical onset, periannular complications, vegetation detection, persistent signs of infection, hepatic embolism, acute renal failure, heart failure, and death.

In the multivariable analysis the variables independently associated with septic shock were DM (OR, 2.282; 95% CI, 1.186--4.393), *S. aureus* (OR, 2.288; 95% CI, 1.207--4.337), persistent signs of infection (OR, 5.068; 95% CI, 2.598--9.888), and death (OR, 9.252; 95% CI, 4.636--18.463).

Multivariable Analysis of Inhospital Mortality Stratified by Diabetes Status
----------------------------------------------------------------------------

To identify independent predictors of inhospital mortality, we performed a multivariable logistic regression analysis stratified by diabetes status. We included in the model all the variables with statistical significance or clinical relevance: DM, age, sex, nosocomial infection acquisition, immunosuppression, COPD, chronic renal failure, acute clinical onset, *S. aureus*, prosthetic valve IE, vegetation detection, periannular complications, persistent signs of infection, heart failure, central nervous system embolism, acute renal failure, new-onset septic shock, and cardiac surgery. Independent predictors of inhospital death are shown in Table [4](#T4){ref-type="table"}.

###### 

Inhospital Mortality Logistic Model for All Patients and Stratified by DM Status\*
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DISCUSSION
==========

We studied the impact of DM on the inhospital outcome of patients with IE. We selected episodes of IE involving only left-sided valves due to the well-known differences with the right-sided isolated infection,^[@R10]^ and so we could study a more homogeneous population. The present group of patients is one of the largest series of episodes of IE with DM. The DM rate (19.2%) we identified is consistent with the rate reported in previous studies.^[@R7],[@R13]^

As in other investigations,^[@R3],[@R13]^ patients with DM in our cohort were older, were more often female, and had more comorbidities (chronic renal failure and COPD) than patients without DM. As pointed out by Kourany et al,^[@R13]^ these patient characteristics should be considered when looking at the impact of DM on short- and long-term outcomes of IE. In the present study, staphylococci were the most common microorganisms in patients with DM, but their incidence was similar to that seen in episodes that occurred in patients without DM. *Enterococcus* and *S. bovis* were more frequently isolated in patients with DM than in those without DM. Previous studies^[@R18]^ have suggested that the older age of patients with diabetes could be related to a higher prevalence of *Enterococcus* and *S. bovis*, but the findings in the present study were independent of age.

Other authors have found a similar microbiologic profile.^[@R5]^ The presence of heart failure, detection of vegetations, rate of embolism, and periannular complications were similar in both groups. Consistent with previous studies,^[@R3],[@R5],[@R7],[@R13]^ the need for valve surgery was similar in both groups.

Using the International Collaboration on Endocarditis-Merged Database (ICE-MD) multicenter international database, Kourany et al^[@R13]^ found that the inhospital mortality was significantly higher in patients with DM, and they underwent surgery less frequently than those without DM in spite of a similar complication rate (heart failure, valvular regurgitation, detection of vegetations, and intracardiac abscesses). No clear reason for the lower occurrence of surgery in patients with DM was given. In addition, they suggested that DM per se has no impact on infectious complications of IE.^[@R13]^ Their findings should be interpreted with caution due to their heterogeneity and the lack of systematized data collection; in fact, in 928 of 2212 patients included in the registry, no information on the presence or absence of DM was available.

Chirillo et al^[@R5]^ analyzed 309 episodes of IE, of whom 70 had DM. As in our cohort, compared to patients without diabetes, patients with DM were older, and *Enterococcus* was more commonly isolated (Table [5](#T5){ref-type="table"}). Mortality was higher among patients with DM, and DM was an independent predictor of inhospital mortality.

###### 

Comparison Between 2 Cohorts of Patients With DM and IE\*
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Chu et al^[@R6]^ found that DM was an independent predictor of inhospital mortality. Surprisingly, in that series overall mortality was extremely high (56%). Bishara et al^[@R3]^ reported that DM per se did not affect mortality on multivariable analysis, and Duval et al,^[@R7]^ assessing 75 patients with DM, reported that insulin-treated DM was a predictor of inhospital death, whereas DM treated with oral medications for diabetes was not. These inconsistencies indicate that the impact of DM on the outcome of patients with IE is uncertain.

Overall, in the present study, 32.5% of patients died during hospitalization. On univariable analysis, the presence of DM was associated with higher inhospital mortality compared with patients without DM (43.5% vs. 30%; p = 0.008), and yet, on multivariable analysis, we did not find DM to be an independent predictor of inhospital mortality. Similarly, in the Italian Study on Endocarditis,^[@R15]^ DM was a significant predictor of inhospital mortality in the univariable but not in the multivariable analysis. Importantly, DM had a strong independent association with the development of septic shock (OR, 2.282; 95% CI, 1.186--4.393). In contrast to the present study, other studies that considered the impact of DM on inhospital mortality did not include septic shock in the multivariable analysis.^[@R5]--[@R7],[@R13]^

Chirillo et al^[@R5]^ found that the cause of death among patients with DM was mostly related to infection, contrary to what Kourany et al^[@R13]^ observed. It is well known that individuals with DM have a greater frequency and severity of infections,^[@R4],[@R12],[@R14]^ and infection is one of the main causes of death in hospitalized patients with diabetes. Among the reasons for this susceptibility to severe infections are abnormalities in cell-mediated immunity and phagocyte function, diminished vascularization, and increased rate of colonization of *S. aureus*.^[@R4],[@R12]^

The findings of the present study might reinforce a strategy of closer monitoring and perhaps anticipated surgery in patients with DM and IE, considering their trend to develop septic shock.

In the current cohort, we found that patients treated with oral medications for DM, compared to other patients with DM and compared to patients without DM, had more infections due to coagulase-negative staphylococci, higher rate of septic shock, and higher mortality. These results are markedly different from those of Duval et al,^[@R7]^ who found that staphylococci and inhospital death were more frequent in insulin-treated patients with DM, and failed to elucidate the reasons why insulin-treated patients with DM were at higher risk of mortality. We do not have a clear explanation for these divergent results. It is well known that the prognosis of patients with DM when affected by other conditions is more determined by an optimal glycemic control than by the type of DM therapy.^[@R8]^ Unfortunately, data on glycemic control (glucose levels, glycated hemoglobin) are not available in our database, and we can not evaluate their impact on patient outcome. Nonetheless, in the series of Chirillo et al,^[@R5]^ glycated hemoglobin levels were similar in survivors and nonsurvivors. In addition, insulin therapy to maintain adequate glycemic control was administered in the same proportion of patients, and did not have a clear positive effect on patient outcome. A larger, prospective, and more detailed (DM therapy, glycemic control, etc.) study is needed.

The present study has several limitations. It is part of a multiproposal prospective collection of data with a large number of cases, but it has the potential for referral bias because all the participating hospital were tertiary care centers. In addition, as this registry began in 1996, when glycated hemoglobin was not used in clinical practice, data on previous glycemic control were not available, and they might influence patient outcome.

We conclude that patients with left-sided IE and DM are older and have more comorbidities (especially renal insufficiency) than those without DM. Staphylococci are the most frequently involved microorganisms in all patients; however, *Enterococcus* and *S. bovis* are more frequently isolated from individuals with left-sided IE and DM, whereas viridans group streptococci are more commonly isolated from those with left-sided IE who do not have DM. Gut enteric pathogens were more frequent in patients with diabetes. DM was independently associated with septic shock, but not with inhospital mortality. Therefore, we consider the prognostic relevance of DM in patients with IE to be due to the relationship of DM with septic shock.
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